/home/ejo ORIGINAL RESEARCH ARTICLE treatment of glaucoma. Intraocular pressure levels in preterm infants are thought to be different from those in adults and full-term newborns. To date, various researchers have studied IOP values in premature infants (1-15). Several studies found higher IOP values; however, lower IOP measures were also reported. Most of these studies were performed in a cross-sectional manner (1-10), and few longitudinal studies are available in the literature (13-16). In the present study, we aimed to investigate the longitudinal change in IOP in premature infants and to establish the normative IOP value. Intraocular pressure was measured during the first fourteen weeks of life and the results were compared with previous reports.
Introduction
Premature birth is an important cause of infant and child morbidity and mortality; however, improved neonatal care has resulted in increased survival rates. Understanding the normal maturation process of the visual system, establishing the normal range of values, and identifying important intrinsic or extrinsic factors that may affect ocular measurements are essential for clinicians in evaluating developmental abnormalities and congenital diseases of the eyes (1) . Many ophthalmic pathologic characteristics in premature infants are not completely understood. Determining the intraocular pressure (IOP) is the most important step for diagnosis and congenital ocular abnormalities such as congenital glaucoma, corneal clouding, or cataract. Infants who received perinatal and postnatal systemic (i.e., oral or IV) corticosteroid treatments were also excluded. Because the clinical conditions of premature infants can show differences at different GA, we made a homogeneous group of premature infants who were born at 26 weeks' GA. GA was obtained based on maternal obstetric history or early perinatal ultrasound and was subsequently confirmed after birth using the New Ballard Score (17). Postconceptional age (PCA), in weeks, was calculated by adding the postnatal age of the infant at the time of ophthalmic examination to the GA. Informed parental concept was obtained for each infant in accordance with the Declaration of Helsinki. The study was approved by Institutional Ethics Committee review board.
Intraocular pressure measurements and study protocol
All IOP measurements were obtained on clinically stable infants with the infant lying supine in an incubator. After instilling 0.5% proparacaine (0.5% Alcaine®; Alcon) in both eyes, 5 sequential IOP measurements were made for each eye using a hand-held tonometer (Tono-Pen XL; Reichert Inc.). The tonometer was calibrated daily before measurements according to the user's manual for the device, and a new latex membrane was placed on the transducer tip for each infant. The eyelid speculum was not used. Instead, infants' eyelids were gently manually separated without applying pressure to the globe, and the tonometer was touched on the center of the cornea several times until a reading was displayed. The IOP measurement recorded for each evaluation was the mean of the 3 measurements, excluding the its highest and lowest values. None of the infants received sedative drugs or muscle relaxants before or during the eye examination. Measurements were taken initially at 28 weeks' PCA and thereafter at 2-week intervals (weeks 30, 32, 34, 36, 38, and 40). The first examination was independent, whereas all others coincided exactly with routine ROP examinations. A single ophthalmologist (OB) performed all ocular examinations. Intraocular pressure was measured before pupil dilation and examination for ROP. The IOP measurements were performed at the same time of the day (between 4:30 PM and 6:00 PM) when the infants were hospitalized at the neonatal unit. Both eyes were measured and the mean IOP in both eyes was used for statistical analysis.
Statistical analysis
The IOP of preterm infants was longitudinally measured at standard time intervals at 2, 4, 6, 8, 10, 12 and 14 weeks after birth. Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 20.0. Mean and standard deviation values were used to describe the quantitative variables. Normality assumption was checked with Shapiro-Wilk test, and the data were found to be consistent with a normal distribution. Repeated-measures analysis of variance was carried out to assess the changes over time for IOP. Bonferroniadjusted p values were used for multiple comparisons over time. Pearson correlation test was performed to evaluate the association between PCA and IOP. Categorical variables such as sex were compared with the chi-square test. A paired t test was used to compare interocular differences in IOP at each measurement. Statistical significance was considered when p<0.05.
Results
Between June 2015 and May 2016, 40 premature infants (80 eyes) who met the inclusion criteria were examined. The baseline characteristics of premature infants are outlined in Table I . From 40 (22 male, 18 female) premature Caucasian newborns, 7 (for each eye) IOP measurements were obtained. Mean GA was 26 weeks and mean birthweight was 820 ± 112 grams (range 610-900 g). There was no statistically significant difference in IOP with respect to sex at each examination (p>0.05 for all). The mean IOP in both eyes for all measurements was 15.0 ± 1.1 mm Hg. The mean IOP was 15.1 ± 1.2 mm Hg and 14.9 ± 1.1 mm Hg for the right and left eyes, respectively. There was no statistically significant difference in IOP measurements between right and left eyes at each examination (p>0.05 for all). The mean IOPs at 28 weeks, 30 weeks, 32 weeks, 34 weeks, 36 weeks, 38 weeks and 40 weeks PCA were 18.7 ± 1.1 mm Hg, 16.9 ± 0.9 mm Hg, 15.3 ± 0.9 mm Hg, 14.1 ± 1.3 mm Hg, 13.7 ± 1.3 mm Hg, 13.4 ± 1.4 mm Hg, and 13.1 ± 1.3 mm Hg, respectively. At initial examination (28 weeks PCA), 9 (22.5%) preterm infants had IOP values greater than 20 mm Hg. The mean IOP values at each PCA week are shown in Table II . A significant decrease in IOP was found up to 34 th week, with no significant decline in IOP after that point (F = 109.7, p<0.01). There was a negative correlation between IOP and PCA (r = -0.712, p<0.01). Intraocular pressure changes with PCA are shown in Figure 1 .
Discussion
In the present study, we investigated the longitudinal change in IOP from 28 weeks' PCA up to 40 weeks' PCA in a homogeneous group of premature infants. Seven consecutive measurements beginning at 28 weeks to 40 weeks PCA were performed and we found that IOP values were decreasing significantly up to 34 weeks PCA. After 34 weeks PCA, no significant decline in IOP was found. We assume that the preterm infants have the same IOP as term infants after that point. To date, various studies have been carried out to measure the IOP in premature infants. Some of these studies have also suggested that premature newborns have greater IOP compared with full-term newborns (6, 9) . The first studies investigating IOP in premature infants were published in the 1950s by Dolcet (2) and Brockhurst (3). Mean IOPs of 35 mm Hg and 24.5 mm Hg, respectively, were found, and these values were considered much higher than in normal adults. Following these studies, Musarella and Morin (4) (7) and Axer-Siegel et al (8) reported mean IOPs ranging between 15.5 and 16.3 mm Hg. The IOP measurements in these studies were performed with ocular blood flow tonograph and Tono-Pen, respectively. A more recent study by Grover et al (10) studied IOP in low birthweight infants. The authors performed IOP measurements with Tono-Pen XL in 90 eyes of 45 premature infants (PCA range 30.1-38.1) and reported mean values of IOP 29.0 ± 9.0 mm Hg, which is higher than the previous reports. As seen in these studies, a wide range of IOP was documented. The variations in IOP values might be due to greater PCA and/or different devices and/or different time frames that IOP was obtained in these studies. All the studies mentioned above were performed in a cross-sectional manner. Besides these cross-sectional studies, there are few studies investigating the longitudinal change of IOP in premature infants (13) (14) (15) (16) . In 1999, Ricci (13) (15) performed 4 consecutive IOP measurements at 2-week intervals using the Tono-Pen XL in 100 eyes of 50 premature infants. The mean GA was 29.7 ± 1.6 weeks and the mean IOP decreased from 16.3 mm Hg at week 26.3 to 13.1 mm Hg at week 37.6 PCA. In 2016, a study by Erginturk Acar et al (16) investigated 110 right eyes of 110 premature infants using Tono-Pen Avia. They reported that IOP varies from 18.78 ± 2.78 at 32 weeks PCA to 13.21 ± 1.94 at 40 weeks PCA. The authors also found that the decrease in IOP over time was statistically significant (p<0.001). In our study, the mean IOP for both eyes was 15.0 ± 1.1 mm Hg across the entire cohort. Despite the differences in methods and statistical analyses, our results are consistent with previous studies. The mean IOP varied according to the PCA from 18.7 ± 1.1 mm Hg (range 14-25) at 28 weeks to 13.1 ± 1.3 mm Hg (range 10-17) at 40 weeks. There was a significant decrease in IOP values up to 34 weeks PCA, with no significant decline in IOP after that point. Measurements after 34 weeks PCA indicate that decline trend slows down approaching the term period. The decline in IOP as PCA increases is also in good agreement and corresponds closely with values obtained from the previous longitudinal studies (13) (14) (15) (16) . It is probable that the decline in IOP as PCA increases might be a result of maturation of the aqueous drainage system. Furthermore, the corneal thickness may have contributed to the IOP decline. The increasing effect of central corneal thickness (CCT) on IOP in adults is well-known. Some studies have reported that premature newborns have greater CCT compared with full-term newborns (18) (19) (20) (21) , which decreases progressively (19) (20) (21) . On the other hand, there were studies reporting that there was not a significant correlation between IOP and PCA and/or CCT (1, 4, 5, 9, 10 ). Our study has some advantages over some former studies. First, we did not use an eyelid speculum during the procedure. A previous study suggested that use of an eyelid speculum in anesthetized children increases IOP by an average of 4 mm Hg (mean IOP was 20.16 and 16.44 mm Hg with and without the eyelid speculum, respectively) (22) . Because scleral rigidity is low in preterm infants, eyelid speculum may further exaggerate IOP. Therefore, IOP was measured using a TonoPen, which represents one of the most reliable and accessible tonometers that can be used in the pediatric age group (23) . Second, none of our patients were sedated or given muscle relaxants during examinations because these medications can interfere with the results by artificially lowering IOP. Third, developmental immaturity in premature infants affects a wide range of systems, altering normal hemodynamics during early neonatal life. These altered hemodynamics may have an influence on IOP, as described by a previous study (14) . Therefore, we excluded infants with systemic problems to minimize the effects of systemic factors on IOP. Fourth, the previous longitudinal studies reported IOP values in subjects with wider PCA ranges than in our study (13) (14) (15) . In the present study, all infants were at 26 weeks of GA, thus, in a homogeneous group, we assumed that our results may better reflect the natural course of IOP in the following weeks after premature birth. Additionally, in the present study, IOP measurements were taken at early stages of postnatal life with more IOP measurements when compared with previous longitudinal studies ( [13] [14] [15] [16] . All measurements were performed by the same ophthalmologist within a limited time frame (4:30 PM to 6:00 PM), minimizing the possibility of diurnal IOP variations. All IOP measurements were performed when the infant was calm and resting in position. The present study also has limitations. Our study population was small; we did not evaluate the corneal thickness, which may affect IOP values; and topical anesthesia application may affect the corneal thickness.
In conclusion, our longitudinal data show that mean IOP of premature infants is higher in the first weeks of life and decreases as the PCA increases, indicating a declining trend approaching the term period. Our study provides information regarding the normative IOP values and pattern of IOP in premature infants. Further longitudinal prospective studies using larger sample sizes are needed to establish the normal range and behavior of IOP in premature infants.
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